Aim: To develop a non-invasive management strategy for men with lower urinary tract symptoms (LUTS) after treatment for pelvic cancer, that is suitable for use in a primary healthcare context. Methods: PubMed literature searches of LUTS management in this patient group were carried out, together with obtaining a consensus of management strategies from a panel of authors for the management of LUTS from across the UK. Results: Data from 41 articles were investigated and collated. Clinical experience was sought from authors where there was no clinical evidence. The findings discussed in this paper confirm that LUTS after the cancer treatment can significantly impair men's quality of life. While many men recover from LUTS spontaneously over time, a significant proportion require long-term management. Despite the prevalence of LUTS, there is a lack of consensus on best management. This article offers a comprehensive treatment algorithm to manage patients with LUTS following pelvic cancer treatment. Conclusion: Based on published research literature and clinical experience, recommendations are proposed for the standardisation of management strategies employed for men with LUTS after the pelvic cancer treatment. In addition to implementing the algorithm, understanding the rationale for the type and timing of LUTS management strategies is crucial for clinicians and patients.
What's known
Lower urinary Tract symptoms (LUTs) are a constellation of symptoms that are common in men who have been treated for pelvic malignancies, not only as a result of their disease but also as a consequence of cancer treatment. Symptoms such as urinary incontinence, frequency and urgency are often reported by men as the most bothersome. Pelvic therapies include treatment for prostate, bowel and bladder cancers. Many men continue to experience long term symptoms over many years and this can have a negative effect on recovery and subsequent quality of life. Conservative management strategies are defined for LUTS but these are mainly developed and evaluated in general populations with current guidelines based on benign disease. The evidence base for such conservative management of LUTS after pelvic cancer treatment is small and inconsistent and may not be appropriate for LUTS from different causality.
What's new
LUTS after cancer treatment is a significant problem for cancer survivors especially as more men are surviving cancer treatment. Symptoms can occur for many years after cancer therapy and incidence and timing of LUTs depends on treatment type and extent of predictive factors prior to treatment. LUTS after cancer treatment includes both urinary incontinence and lower urinary tract symptoms which can be concurrent and impacts on men's quality of life. Awareness of the treatments that men have received is important in defining LUTS management and the pathway of care. Assessment, appropriate pharmacotherapy, behavioural and lifestyle management can improve symptoms. While many men recover spontaneously over time a proportion of men require long term management of LUTs. Simple assessment, use of behavioural strategies, drug management and consistent follow up can help reduce the burden of this symptom for men after cancer treatment. Symptoms of LUTS that persist after 3 months of conservative treatment and impact on men's quality of life should be referred to specialist urology teams.
Introduction
There are currently more than 2 million people in England living with cancer and this number is increasing as cancer survival improves (1) . Men with prostate cancer account for much of the male survival; 41,700 men were diagnosed in 2011 and 8 in 10 of these will survive for 5 or more years. Other pelvic cancers such as bladder and bowel cancer account for 30,500 men diagnosed per year, making pelvic cancer a substantive area of disease burden in the male population (1) . Many of these men continue to experience symptoms that impact on quality of life such as urinary and bowel problems, haematuria, rectal bleeding, pain and sexual dysfunction (2) . Common symptoms as a result of cancer therapy have been addressed in substantive reviews (3) (4) (5) (6) . Urinary symptoms despite the high prevalence in men after cancer treatment and the links to negative effect on quality of life (7) have not yet been addressed.
Lower urinary tract symptoms (LUTS) may be divided into storage, voiding and postmicturition (8, 9) . These are common problems and up to 3.4 million men in the United Kingdom live with LUTS and the prevalence rates for various types of LUTS after cancer therapy ranges from 3.7% to 52.2% (7, 10) . Most of these men are managed within primary care, with either conservative lifestyle measures or medical treatment (10) . LUTS is a complex group of symptoms, which are difficult to define. However, the NICE guidelines on LUTS published in 2010 define the symptoms as shown in Table 1 (8) . Generally, a symptom-based approach is used in classifying LUTS. According to the International Continence Society (ICS), LUTS can be divided, similarly to NICE guidelines, into storage symptoms, voiding symptoms and symptoms experienced postmicturition, although ICS also includes urinary incontinence (UI) and postmicturition dribble in its definition (Table 1) (9) . Symptoms such as UI, frequency, urgency and nocturia are often the most bothersome of LUTS (11) . Most clinical trials in pelvic cancer patients tend to assess only UI as an outcome measure rather than LUTS as a cluster of symptoms. Overall, the management of LUTS remains an area requiring improvement for cancer survivors and impacts considerably on quality of life for men. In addition, the problem is under-reported.
Lower urinary tract symptoms are closely associated with erectile dysfunction (ED) (12) . A large multinational survey showed that the prevalence of ED increased with increasing severity of LUTS (13) . Preclinical evidence suggests that there are common pathophysiological mechanisms underlying the development of both ED and LUTS (14) . Indeed, in a recent review, Kirby et al. have recommended that physicians should be aware of the sexual adverse effects of many treatments, which are currently recommended for LUTS and that sexual function should be evaluated prior to commencement of treatment, and monitored throughout the treatment to ensure that the choice of drug is appropriate (14) . The evidence-base for conservative management of LUTS after treatment for pelvic cancers is small and characterised by variations in patient characteristics. Furthermore, although guidelines exist for treating men with LUTS, these are not specific to cancer patients and are based on benign disease causality (15) . Here we review the conservative interventions, which can improve LUTS in men who have had treatment for pelvic cancers. We aim to provide recommendations based on clinical evidence and best clinical practice. 
General predictive factors for LUTS
Predictive factors for postoperative and postradiotherapy LUTS are summarised in Table 2 (16) (17) (18) (19) (20) (21) (22) (23) (24) (25) (26) .
Known risk factors such as prior transurethral resection have been well evidenced, but probable risk factors such as central nervous system damage and/or cognitive impairment is less well defined in the cancer population but is essential in the assessment of LUTS. Many older cancer patients may already have high anticholinergic loading from other medications such as tricyclic antidepressants and ACE inhibitors which may impact on LUTS. These should be considered in the assessment intervention and management (27, 28) .
LUTS after cancer treatment
Lower urinary tract symptoms can significantly reduce men's quality of life, and may point to serious pathology of the urogenital tract (8) . Age is an important risk factor for LUTS and the prevalence of LUTS increases as men get older (8) . LUTS can be indicative of prostate cancer and patients with other pelvic cancers should be assessed accordingly. LUTS can also be a complication following the treatment for pelvic cancers such as colorectal, bladder and prostate cancer (16) . Indeed, cancer survivors are far more likely to suffer from UI than the general population, although very little data exist on the impact of UI on quality of life among cancer survivors, especially in elderly populations (29) . The large Prostate Strategic Urologic Research Endeavor (CaPSURE) study in 3056 prostate cancer survivors demonstrated that decline in the urinary function was independently associated with satisfaction with prostate cancer care (30) .
In cancer patients, LUTS can have distinctive pathology and causality because of a combination of different factors than in patients with benign disease. Around 20% of patients develop or continue to have UI within 2 years of prostectomy for prostate cancer (16) . The symptoms of LUTS can develop months to years after the treatment for pelvic cancers. Hence, regular assessment of LUTS in cancer survivors is necessary. Structural abnormalities of the bladder such as rigidity and changes in bladder size can also influence bladder capacity. Overactive bladder (OAB) is one of the main contributing factors of LUTS (32) . This may be caused by the direct effects of cancer therapies or prior disease. This is because of injury to neural pathways to and from the bladder and from a partial denervation of the bladder muscle causing excitability and an involuntary rise in pressure within the bladder resulting in frequency and urgency of passing urine (32) .
Postprostatectomy LUTS
Patients undergoing prostatectomy are more likely to have stress UI (SUI) than those undergoing radiotherapy (RT) at 2 and 5 years, although there are no significant between-group differences at 15 years (30) . Continence improves progressively until 2 years from Radical prostatectomy (RP) but some patients can become incontinent later (16, 33) . In clinical practice, however, clinicians tend to observe that this improvement takes place over the first year; and therefore, surgical interventions should be considered after 1 year. Therefore, an important question to ask a patient during assessment is the duration of incontinence. The criterion of pad use discriminates well between men with a limited reduction in their QoL (no or one pad used) and those with a markedly affected QoL (> or =2 pads/day) (33) . The 24-h pad weight can also be employed, and is usually a better marker for severity of incontinence, allowing it to be divided into mild, moderate and severe (34) . Furthermore, only one-third of leak-free and pad-free continent patients prior to treatment return to the same state at 2 years after treatment (26) . Postprostatectomy UI is most often caused by dysfunction of the urethral sphincter (either from injury of striated muscle fibres or the innervating nerve fibres) and/or detrusor dysfunction, leading to stress and/or urgency incontinence, respectively (35) (36) (37) . The reported SUI rates one year after RP vary between 5% and 48.0% (38) . In addition, especially during the first year after RP, OAB symptoms are common in up to 77% of patients, but generally resolve over time (39) .
Finally, the relatively small number of men treated with RT before prostatectomy have higher incidence of incontinence compared with men treated with just external beam RT or RT after surgery. Fowler et al. found that the rate of incontinence was 5.5% when the surgery was performed before RT and 33% when performed after RT (40) . In another study of 60 patients, given external RT after radical prostatectomy (RP), no difference was observed in terms of UI in the 24-month follow-up (41) .
Post RT and chemotherapy LUTS
Radiotherapy with or without chemotherapy for pelvic malignancies may result in LUTS (21) . Overall, severe late effects occur in ≤ 10% of patients with prostate or bladder cancer (21) . Acute side effects that occur during RT usually resolve within a few months (21) . Long-term symptoms attributable to global injury include dysuria, frequency, urgency, contracture from fibrosis, spasm, reduced flow and incontinence (21) . More focal injury includes haematuria, fistula, obstruction, ulceration and necrosis (21) . A prospective study of 614 patients with localised prostate cancer treated with RP, external conformal RT and brachytherapy (BT) was carried out to compare treatment impact on health-related quality of life (HRQL) (42) . In each treatment group, HRQL initially deteriorated after treatment with subsequent partial recovery. Compared with the BT group, RP patients had worse UI scores (p < 0.001). Prostatectomy patients had significantly better urinary irritation scores than BT patients (p < 0.001) (42) .
The bladder is particularly sensitive to certain cytotoxic drugs, leading to cystitis, fibrosis and occasionally diminished bladder volume leading to symptoms of urinary frequency, dysuria, haematuria and sphincter dysfunction (4) . LUTS occurs in an estimated 71% of patients receiving maintenance BCG for bladder cancer (4) . Intravesical mitomycin C (MMC) has also been known to exacerbate LUTS in these patients (43) (44) (45) . In general, patients on chemotherapy appear to be more prone to UTIs (46) (47) (48) and primary care physicians must be aware of this in order to assess and manage these patients appropriately.
Neo-adjuvant and Adjuvant ADT in combination with RT LUTS Adjuvant androgen suppression with hormonal therapy did not increase rectal or urinary dysfunction in the RADAR trial, designed to determine whether adjuvant androgen suppression, bisphosphonates and radiation dose escalation for localised prostate cancer may improve oncologic outcomes (49) . Stone et al. showed that pretreatment ADT in patients receiving BT may decrease treatment-related urinary symptoms in patients who have a large prostate and an International Prostate Symptom Score (IPSS) of 15 or greater (50) . Grant et al. showed that patients on RT plus ADT achieved baseline urinary symptoms more rapidly than the patients on RT alone (51) . However, Crook et al. demonstrated that despite 2-6 months of prior hormonal therapy before RT; late urinary morbidity was seen in 27% of men following prostate BT (52) .
Treatment with degarelix or goserelin + bicalutamide has demonstrated relief of LUTS in patients with moderate and severe voiding problems at baseline (53) (54) (55) . Another study of 104 patients, on 3.75 mg leuprolide acetate at 4 week intervals for a total of 12 weeks, demonstrated that leuprolide treatment significantly improved daytime urinary frequency, despite a deterioration in physical, role and sexual function (56) .
LUTS after high-intensity focused ultrasound and cryotherapy
Owing to technological advancements in high-intensity focused ultrasound (HIFU) procedures, long-term follow-up of patients has demonstrated improved urinary symptoms after treatment (57) . A recent study assessed the impact of HIFU on lower urinary tract by comparing pre-and postoperative symptoms and urodynamic changes. Following HIFU, detrusor overactivity, decreased bladder compliance and urge incontinence were observed. However, these symptoms were also observed in 20% of patients before surgery. There was a progressive improvement in all storage and voiding patterns at 6-month follow-up, although patients with high prostate volume and long procedure length suffered from urge incontinence during long-term follow-up (58) . Limited urinary and rectal morbidity have been observed in other longterm follow-ups after HIFU (≥ 12 months) (59) (60) (61) . According to clinical observations, LUTS tend to improve quite quickly after treatment.
Reported postsalvage cryosurgery UI rates range from 0% to 83% (62) (63) (64) (65) (66) (67) . Generally, men treated with cryotherapy report higher prevalence of urinary symptoms compared with RP in the short term, but the symptoms improve or disappear after ≥ 3 months (68, 69) . A 2-year follow-up observational study of 10,928 men comparing BT vs. cryotherapy demonstrated that cryotherapy was associated with more urinary complications than BT (70) . In general, urinary complications after HIFU or cryotherapy are more common and more severe in patients previously treated for prostate cancer (usually by RT) vs. treatment naive patients (71) .
Rationale for guidance development
The management of male LUTS after pelvic cancer therapy consists of three different approaches: con- servative management, pharmacotherapy and surgical treatment. Existing guidance for the management of LUTS in primary care is based on benign prostatic disease (28) and therefore does not take into account the causality and differences in treatment-related effects from cancer treatment. There is a need for specific guidance to manage LUTS symptoms in the population affected by the spectrum of male pelvic cancers. This review critically explores the evidencebase for the assessment and management of LUTS in male cancer patients and provides guidance regarding the non-invasive interventions (conservative management and pharmacotherapy) which can be used in primary care specifically and advice on when referral to specialist urological services is warranted. Our aim was to extract only the most recent studies and not to overlap with the evidence published in NICE LUTS Clinical Guideline (8) . This guide is aimed at non-specialist clinicians working with men after pelvic cancer therapy in primary care follow-up. It discusses LUTS in men following the most commonly used treatments for cancer.
Methods

Literature analysis
A systematic review of the literature was conducted to investigate the evidence-base for the non-invasive management of LUTS in men following pelvic cancer treatment. The interventions covered by this guidance include lifestyle changes, exercise and oral medications.
Web of science, Medline, Cinahl, Psycinfo, Cochrane database and Embase were searched using various combinations of the following terms: lower urinary tract symptoms and/or treatment and/or bladder cancer and/or rectal cancer and/or prostate cancer and/or (names of specific drugs) and/or brachytherapy/radiotherapy/cryotherapy/HIFU/androgen deprivation therapy and urinary incontinence.
Only original publications and systematic reviews were sourced; however, literature reviews were also retrieved and hand searched for individual studies and all relevant papers extracted. Publications were included if they described an intervention for any area of LUTS. Interventions included were professional guided management such as pharmacological treatment, as well as self-management interventions including all behavioural management approaches. Publications, which did not include at least one intervention for treating LUTS after pelvic cancer treatment, were excluded. The search included papers published from 2000 to 2014. The studies identified and used in this literature analysis were graded using the Oxford Centre for Evidence-based Medicine Levels of Evidence. The findings of the literature analysis were integrated with authors' clinical experience to provide recommendations outlined in this review.
Results
Literature search overview
The literature search identified 41 articles for the final analysis. Twenty-four papers were included that concerned the behavioural interventions using Pelvic Floor Muscle Exercises (PFME), 10 described pharmacological interventions, six articles described other interventions and one article described containment devices. The selection criteria for the 17 studies included: articles in English, studies which utilised an intervention for LUTS, studies with adult male patients treated for pelvic cancers. Non-invasive treatments were included (conservative management, e.g. lifestyle, behavioural interventions such as exercise or diet and pharmacological interventions). Both randomised and non-randomised studies were used (Table 3) . A meta-analyses of the data was not performed due to; Inconsistent definitions, measurement tools & diverse timings used in identified studies; as well as low number of articles identified for each intervention.
Studies and patient characteristics from the literature analysis
In total, 8951 patients were included in the 41 selected studies (Table 3) . Most of the studies were randomised controlled studies. Follow-up ranged from 1 week up to 12 months while management duration ranged from 30 days before treatment to ≥ 1 year after treatment (Table 3) .
Of the 30 studies assessed for management of UI after surgery, one study assessed recovery of sphincter/pelvic function after surgery and one study assessed management of cystitis after surgery. Four studies evaluated management of UI after RT/BT; one study evaluated management of urinary tract infections after RT and four studies specifically looked at management of LUTS after RT/BT. A wide range of assessments were used across the studies identified, and all the studies were conducted within differing ranges of time points; hence, the outcomes of the studies are difficult to compare directly. Instead, narratives of their key findings are presented in the discussion with author recommendations. Trial participants were adult males, who had received treatment for pelvic cancers, and who had experienced some type of LUTS subsequent to the cancer therapy. Much of the literature was prostate cancer specific and fewer studies explored LUTS in men Table 3 Study and patient characteristics selected from the literature analysis Table 3 Continued Table 3 Continued with bladder and bowel cancer. Table 4 summarises efficacy analysis of current management strategies for LUTS in men after pelvic cancer treatment, as identified by the literature analysis.
Discussion
The literature analysis identified a range of intervention studies, but it must be noted that most of the research have focused on UI rather than the wider extent of LUTS. Therefore, few studies explore the full range of LUTS symptoms as defined.
Assessment of LUTS
Assessment is fundamental in the management of LUTS as well as recognising the impact and bother urinary symptoms may have for the individual (71). The majority of the studies identified in this review assess UI rather than LUTS and the wider perspective of the patient. Pad tests/daily pad usage, IPSS and self-reported continence were generally used to assess LUTS/UI in most of the clinical studies identified. NICE guidelines recommend the use of bladder diaries as a cost-effective tool for assessing incontinence (though not specific to cancer patients), and this gives information on voiding and frequency (8) . These tools are developed for generic LUTS and are research focused and so, may be difficult to use routinely in practice. The need for objective measurement and to provide a baseline for assessing change and patient outcomes is essential. In clinical practice, the IPSS is routinely used to assess LUTS, and contains three questions regarding storage symptoms and four on obstructive voiding symptoms and one on LUTS impact on quality of life. However, IPSS does not assess incontinence, which is why more detailed questionnaires are often needed. The International Consultation on Incontinence Questionnaire (ICIQ) and ICIQ-LUTS is a validated questionnaire for evaluating quality of life and urinary symptoms. It explores in detail the impact on patients' lives of LUTS and can be used as an outcome measure to assess impact of different treatment modalities. Hence, the ICIQ-LUTS is useful for assessing QoL; ICIQ UI for incontinence and ICIQ OAB for storage and LUTS symptoms. Asking patient about their symptoms is also important as questioning which often identifies the impact and adherence with interventions that may not be measured in LUTS scores (107) . Common questions which GPs can use include:
• Do you experience any loss of urine when coughing or sneezing?
• Do you experience any loss of urine after voiding completion?
• Do you have to arrange your day around finding toilets because of urinary frequency?
• Do you experience disturbed sleep at night because of needing to pass urine frequently?
The aims of assessment are to: identify reversible factors that may be contributing to or causing symptoms contributing to LUTS, understand the level of distress or bother and impact for the individual, identify those men who may need more specialist assessment or intervention such as urology or clinical nurse specialist, or continence adviser referral and to develop a baseline prior to referral and as an evidence-based plan of treatment for the individual.
Assessment recommendation
• General assessment including self-reported incontinence.
• Self-reported continence can be complemented with one of the validated questionnaires, e.g. IPSS, ICIQ-LUTS QoL for QoL; ICIQ UI for incontinence and ICIQ OAB for storage LUTS symptoms.
• 3-7 day bladder diary.
• Consider pad usage.
• Dipstick urinalysis for leucocytes and nitrites to rule out infection.
• Dipstick analysis for haematuria.
Additional assessment.
• Bladder ultrasound for identifying residual and structural issues.
• Flow rate and measurement of urodynamics (usually available through community Continence nurse services).
Conservative management
Conservative management of LUTS (specifically UIthe most studied LUTS symptom) includes lifestyle interventions, pelvic floor muscle training (PFMT) with or without biofeedback, and bladder training. Lifestyle interventions include moderating fluid intake, avoidance of known bladder irritants such as caffeine and alcohol, weight loss, and smoking cessation; however, these interventions are less researched (108) .
Current guidelines recommend behavioural therapies and lifestyle changes as first line treatments for urinary problems although there is no specific guidance for cancer patients (8, 28 habits, reducing bladder irritants from the diet, fluid intake management, weight control, smoking cessation and management of bowel regularity (109) . These common techniques were not considered in the review. Behavioural interventions which have multicomponent elements of training such as PFME were considered in this review as part of treatment approaches.
Pelvic floor muscle training
Most of the publications found in this analysis primarily focus on UI rather than LUTS and the interventions have been studied mainly in prostate cancer patients rather than other pelvic cancers. Therefore, this may under report the impact of PFMT on the wider profile of urinary symptoms. In addition, the recommendations proposed for management of LUTS after pelvic cancer treatment are based on clinical practice as well as clinical evidence-base.
PFMT after radiotherapy
Two small studies have assessed the effects of PFMT and multidisciplinary rehabilitation after RT/ADT, and both demonstrated significant improvements with PFMT in this patient group (75, 77 
PFMT before/after surgery
Most of the randomised controlled trials identified contain information on PFMT after prostatectomy. Strengthening PFMs plays a significant role in recovery after surgery. A Cochrane review, published in 2012, which assessed the effects of 'conservative' management for UI after prostatectomy, concluded that there remains no clear support that conservative management of any type for postprostatectomy UI is either helpful or harmful, whether delivered as treatment to men who are incontinent or as prevention to all men undergoing RP (72) . It must be noted that the Cochrane review did not stratify studies in early vs. late initiation PFMT or preoperative vs. postoperative PFMT or physiotherapist-guided (with/without biofeedback) vs. standard care PFMT. These factors have been addressed briefly below.
Early vs. late PFMT
In a quasi-experimental study of 47 postsurgery patients randomised to PFMT vs. no PFMT, Lin et al. showed that that urinary control in the exercise group was better than in the non-exercise group although UI decreased significantly in both groups (79) . The difference observed between the two groups was attributed to patient education regarding pelvic floor exercises by a nurse prior to and after surgery. Patients were stratified in the two groups after catheter removal, suggesting early management may improve outcomes. Similarly, Van Kampen, et al. demonstrated significant improvements in the duration and degree of continence with PFMT vs. placebo therapy if PFMT was initiated at catheter removal (88) . Other studies also demonstrate beneficial effects of PFMT if initiated early after RP (19, 85, 92) .
Five studies identified in our review investigated the effectiveness on UI if PFMT is initiated up to 30 days preoperatively (73) (74) 84) . One study even demonstrated benefits of PFMT if initiated a day before RP, although the sample size was quite small and a larger study would be needed to investigate this further (87) . In addition, the investigators compared physiotherapist-assisted vs. non-physiotherapist-assisted PFMT, hence the role of starting PFMT one day before surgery is not clear. A trial of 180 men, however, demonstrated no significant benefits in terms of UI symptom improvement between PFMT initiated 3 weeks preoperatively (3 sessions) or at catheter removal (79) . However, the QoL trend was in favour of preoperative PFMT (non-significant) (79) .
In the Men After Prostate Surgery randomised control trial over 700 men underwent PFMT (four sessions with a therapist over 3 months vs. standard care and lifestyle advice only) 6 weeks after surgery. In this trial, PFMT was not shown to be therapeutic or cost-effective in improving urinary continence (80) . Of the patients in the intervention group, 148 of the 196 patients reported some form of incontinence at the 12-month mark. In the control group, 151 of the 195 patients reported some UI (difference not significant) (80) . However, it must be noted that patients often buy containment devices themselves and costs of those were not included in this study and the study authors recommend that their cost-effectiveness data should be interpreted with caution (80) . In another study (n = 208), PFMT intervention for persistent long-term UI after RP (initiated ≥ 1 year after surgery) showed that 8 weeks of behavioural intervention (with or without biofeedback and pelvic floor muscle stimulation), resulted in significantly fewer incontinence episodes compared with a delayed-treatment control (81) . The effect was durable up to 12 months after treatment. Wille et al. found that PFMT, electrical stimulation and biofeedback did not affect continence even when initiated at catheter removal (89) . Taken together, these studies suggest some evidence for PFMT if initiated just before or soon after RP, e.g. at catheter removal, but further studies are needed to verify this. Factors to take into account include, among others, number of PFMT sessions, assessment of UI and biofeedback.
In a post-RP evaluation of UI, Song et al. demonstrated that patients with better developed pelvic floor muscles, especially in relation to the size of the prostate, can be expected to achieve earlier recovery of continence after RP (110) . Two studies have shown no significant difference in improvement of urinary symptoms between physiotherapist-guided training of the pelvic floor muscles after RP compared to standard care/training or self-training approach (76, 82) . However, in one of these studies, PFMT was imitated within 12 months of surgery rather than soon after the surgery (82) .
Biofeedback, in conjunction with PFMT, may also play a role in improving LUTS. Biofeedback is a technique in which physiological activity is monitored, amplified and conveyed to the patient as visual or acoustic signals, thereby providing the patient with information about unconscious physiological processes (111) . According to a recent review, the biofeedback for PFMT may improve the patients' ability to isolate the PFM and differentiate between muscle contraction and relaxation (108) . In one trial, a single session of biofeedback-assisted behavioural training reduced the duration of UI as well as the severity of symptoms in the 6 months post-RP (22) . In post-RP patients, intense preoperative biofeedback-assisted PFMT session which given one day before RP, -session immediately following catheter removal -and then monthly, combined with an assisted, low-intensity postoperative programme has demonstrated reductions in the duration and severity of UI as well as improvements in QoL (87) .
In OAB, the 5th International Consultation on Incontinence (ICI) guidelines recommend the inclusion of biofeedback in the treatment of urgency syndrome, but the decision is a therapist/patient decision based on economics and preference (111).
Summary
Preoperative or immediate postoperative PFMT is useful. In general, for both RP and RT, earlier return to continence was observed if PFMT was started early in the post-treatment period.
Therapist-guided PFMT can significantly improve time to return of continence, especially after prostate surgery. Example of a protocol is shown in Box 1. PFMT key objective is to build tone in the muscles by repeated exercise so that muscles can respond in time to the increase in intra-abdominal pressure. Note that the actual numbers of exercises are not as important as inclusion of some fast and some slow repetitions (on account of the presence of both slow and fast twitch activity in the pelvic floor muscle). The exercises must be conducted on several occasions throughout the day in order to condition the brain to recognise this as tonic and not as phasic activity.
Box 1 PFMT protocol
PFMT suggested programme (see Pelvic, Obstetric and Gynaecological Physiotherapy (POGP) guide at http:// www.csp.org.uk/sites/files/csp/secure/acpwh-pelvicmen_ 1.pdf for details of PFMT protocol):
• PFMT consists of repeated high-intensity contractions, encouraged to tighten and lift the pelvic floor muscles as if as in the control of flatus. These can be practiced in front of a mirror to observe a visible withdrawal of the penis.
• PFMT structured home programme: 10 min each day of 5-s muscle contractions with 5-s muscle relaxation performed in three different positions (87): The protocol consists of 5 slow exercises i.e. to hold and count to 10 and then 5 fast exercises, which are useful for urge incontinence.
• The exercises should be conducted sitting, standing-up and lying down up to three times a day i.e. in total 60 PFM contractions per day. In the lying down position men should have their knees bent or apart. In the standing position PFMs should be conducted with feet apart; and in the sitting position, PFMs should be conducted with the knees apart. Evidence suggests it is the intensity rather than the frequency of the PFMs that is important (87, 111) . PFMT recommendation [Table 3 evidence grade of 1B (partly based on consensus clinical opinion)].
• Start PFMT pretreatment (ideally 1 month before surgery in the case of RP) or within one month of RT/ADT treatment/catheter removal after surgery.
• Physiotherapist assisted programme has the greatest benefit. Consider using a physiotherapist or at least a DVD with a physiotherapist demonstrating the exercises.
• Continue on PFMT for at least 6 weeks.
• Can be provided in combination with biofeedback, if possible.
Oral medication
Alpha blockers
Alpha blockers can be used to treat LUTS such as urge UI or OAB as they relax smooth muscles (112) . Tsumura et al. compared the efficacy of tamsulosin, silodosin and naftopidil in treating LUTS after BT (97) . In this study, 212 patients received one of three alpha 1-adrenoceptor antagonists for 1 year after BT. The results demonstrated significantly greater decreases with silodosin vs. naftopidil at 1 month in the total IPSS. Silodosin showed a significant improvement in the postvoid residual at 6 months vs. tamsulosin. The authors concluded that silodosin has a greater impact on improving LUTS after BT than tamsulosin or naftopidil (97). Oyama et al. more recently also demonstrated better improvements in IPSS score with silodosin vs. tamsulosin or naftopidil up to 9 months after BT (95). Shimizu et al., however, demonstrated that the effects of silodosin are temporary in a 12-month follow-up study of 105 patients given sildonosin daily for 6 months immediately after BT (96) . In clinical experience, incontinence -either stress or urge -is uncommon after BT and occurs in less than 2% of patients in the first 2 years after implantation. LUTS following BT are generally driven by the temporary swelling/obstruction that the implant causes, hence the need for an alpha blocker. Jang et al. investigated the efficacy of 0.2 mg/day tamsulosin (for 7 days) in preventing acute voiding difficulty after rectal cancer surgery in 94 rectal cancer patients (94) . The results demonstrated similar reinsertion rate of the urinary catheter in the tamsulosin and control groups (p = 0.804) and similar effects on voiding parameters and IPSS. The authors concluded that tamsulosin did not prevent acute voiding difficulty after rectal cancer surgery.
However, alpha blockers can exacerbate stress incontinence (113,114) and hence, cannot be recommended after surgery in this review.
Summary alpha blockers
Evidence grade ranging from 1B to 2A (Table 3) • Post-BT: The most effective appears to be silodosin after BT though the effects are temporary (1-6 months) o Silodosin is the only alpha blocker which has demonstrated improvements in LUTS after BT, but its effects only last up to 6 months. However, silodosin is not licensed for use in the UK and hence other alpha blockers can be used. o Tamsulosin is commonly used after BT for 3-6 months before symptoms return to base line.
• Postsurgery: Cannot be recommended as they may exacerbate stress incontinence.
Antimuscarinics
Data on antimuscarinics for LUTS in male cancer patients are scarce. In a study of 116 patients, the antimuscarinic agent solifenacin was shown to provide symptomatic comfort after transurethral resection of the bladder tumour and chemotherapy (98) .
Patients who received solifenacin 6 h before surgery and every day for 2 weeks after the procedure reported significantly lower OAB symptom scores (5.67 vs. 7.86; p < 0.001) compared with patients who received placebo. In a review, published in 2011, to evaluate contemporary non-invasive and invasive treatment options for postprostatectomy incontinence, the authors recommended use of antimuscarinic therapy for urgency or urge incontinence alongside or after PFMT (39) . For patients suffering from OAB symptoms +/À urgency incontinence after prostate surgery, antimuscarinic medications have been recommended in the European Association of Urology (EAU) guidelines (38) . However, antimuscarinics may cause cognitive impairment and should be avoided in patients at risk (27) . Other side effects of antimuscarinics include constipation, transient bradycardia (followed by tachycardia, palpitation and arrhythmias), reduced bronchial secretions, urinary urgency and retention, dilatation of the pupils with loss of accommodation, photophobia, dry mouth, flushing and dryness of the skin (115). It is important to note here that these adverse effects are less common with the newer antimuscarinic agents.
Antimuscarinics are also most commonly associated with dry mouth, which many patients find uncomfortable, and discontinue the therapy (116) . In a 12-month UK study looking at persistence with antimuscarinic treatment, solifenacin was associated with higher levels of persistence compared with other prescribed antimuscarinic agents (116) . treating the symptoms of OAB only for people in whom antimuscarinic drugs are contraindicated or clinically ineffective, or have unacceptable side effects, because of its better adverse event profile and similar efficacy to the antimuscarinics (117).
Antimuscarinics recommendations
Evidence grade of 1B (see Table 3 ) (Recommendation here are based on consensus opinion as well as evidence-base)
• The EAU guidelines recommend antimuscarinic drugs as initial drug therapy for adults with urgency UI. The guidance also states that there is no consistent evidence that one antimuscarinic drug is superior to an alternative antimuscarinic drug for cure or improvement of UI or QoL (118).
• We recommend initiating antimuscarinics (tolterodine or solifenacin (Vesicare) most commonly used) if the main bothersome symptom of LUTS is urgency UI, followed by mirabegron if antimuscarinic drugs are contraindicated or clinically ineffective.
PDE5-Is
Evidence from epidemiological studies suggests that LUTS are closely associated with ED (12,13,119) . Oelke et al. demonstrated in a non-cancer clinical study that that PDE5-Is can improve LUTS as well as erectile function (119) . Based on evidence in noncancer patients, the 2013 EAU guidelines treatment recommend use of PDE5-Is in men with LUTS (15) .
However, there are few postcancer studies in men which demonstrate improvements with PDE5-Is. Gacci et al. demonstrated a potential therapeutic role for daily administration of PDE5-Is in continence recovery after bilateral nerve-sparing prostatectomy in 39 patients (99) . A review of 705 patients further corroborated the efficacy of daily PDE5-I use on urinary continence 1 year after RP vs. on demand use (20) . Increased blood flow and oxygen supply by PDE5-Is may be beneficial for recovery of sphincter and pelvic floor muscles (20) .
The EAU treatment guidelines for LUTS include the use of the PDE-5I tadalafil for LUTS (15) . The NICE guidance states that there is there is no statistically significant difference between PDE5-I and alpha blockers in improving symptom scores or nocturia at 3-month follow-up, though alpha blockers are more effective than PDE5-I in decreasing urinary frequency at 3-month follow-up (8) . However, it must be noted that the NICE guidance is based on older data compared with EAU guidelines (published in 2013). The NICE guidance also states that there is no statistically significant difference between combination treatment of alpha blockers plus PDE5-I and alpha blockers in improving symptom scores, quality of life (IPSS question), Qmax (ml/s), nocturia or frequency at up to 3-month follow-up. Furthermore, the guidance states that there is no statistically significant difference between combination treatment of alpha blockers plus PDE5-I and PDE5-I in improving symptom scores, quality of life (IPSS question), nocturia or frequency at up to 3-month follow-up. However, large comparative studies are probably needed to investigate this more thoroughly. Taking into account the data to date, PDE5-Is should be considered first in patients with LUTS who also suffer from ED.
PDE5-I recommendation
Evidence grading of 1B to 4 ( Table 3 ) (Recommendation here are based on consensus opinion as well as evidence-base)
• Recommend first line daily use of PDE5-I in patients suffering from ED as well as LUTS.
• PDE5-Is should be used for as long as needed by the patients.
Serotonin-norepinephrine reuptake inhibitorduloxetine
Three studies examined SUI in patients treated with duloxetine, and both demonstrated that duloxetine improved postprostatectomy SUI up to 3 months postsurgery, but the benefits were not sustained in one of these studies up to 24 weeks (~5 months) (78, 91, 93) . In addition, the drug intolerance and dropout rates are~15-35% with duloxetine after ≥ 1 month of use (78, 93) .
However, duloxetine is rarely used in clinical practice as patients often feel nauseous with this medication and it may put the patients at increased suicide risk (120) .
SNRI (duloxetine) recommendation
Evidence grading of 1B-4 ( Table 3 ) (Recommendation here are based on consensus opinion as well as evidence-base)
• Not routinely used in clinical practice. There is insufficient evidence for its use and hence cannot be recommended for LUTS.
Summary oral treatment recommendations
Oral treatment recommendation
• The sequencing of medication is generally bound by local prescribing guidance. Generally alpha blockers are given first, followed by antimuscarinics. However, our recommendation is to tailor the treatment • We recommend reviewing every 3 months with each treatment; however, patients should be able to see the healthcare provider sooner if they experience adverse events. NICE UI guidance has suggested a review either face to face or at least telephone at 4 weeks after initiating AM therapy. Therefore, a 4-week telephone review can precede face to face 3 month review.
• The treatments should be continued for as long as needed by the patient.
Other treatments
Cranberry juice
A study published in 2003 showed statistically insignificant effects of cranberry juice vs. apple juice on urinary symptoms in patients undergoing RT (101) . A more recent placebo-controlled study by Cowan et al. also demonstrated that cranberry juice did not affect urinary symptoms in patients undergoing RT, although the study was limited by the sample size and duration (102) . Another study of 370 patients demonstrated that cranberry extracts significantly reduced the incidence of LUTS, including nocturia, in patients when given during RT (100). A Cochrane review of susceptible population (including cancer patients) on cranberry juice for UTIs demonstrated that compared with placebo, water or no treatment, cranberry products did not significantly reduce the occurrence of symptomatic UTI in cancer patients. The review further stated that cranberry juice cannot be recommended for the prevention of UTIs (121) .
In conclusion, although cranberry juice may have some impact on improving symptoms of LUTS, e.g. nocturia, there is no evidence for it in preventing UTIs or LUTS after cancer treatment. It is much more important to ensure patients avoid caffeinated drinks, which can aggravate storage symptoms.
Cranberry juice recommendation
Evidence grading: IIA-1B (Table 3) • There is no significant evidence regarding the benefits of cranberry juice for LUTS and hence it cannot be recommended.
Vitamins
A study by a Japanese group in patients taking mecobalamin (vitamin B12) during and after RP demonstrated no significant effect of mecobalamin on the recovery of urinary or sexual function. However, an early non-significant recovery effect on urinary function was suggested (103) .
Vitamin supplement recommendation
Evidence grading IIA ( Table 3) • There is no evidence currently that vitamin supplements improve LUTS symptoms and as such, cannot be recommended for the management of LUTS.
Intravescical sodium hyaluronate
Sodium hyaluronate has been safely administered with success for the treatment of chemical and radiation cystitis, resulting in improvements in urinary symptoms and bladder pain (over 6-8 weeks) (104) .
In clinical practice, this is very rarely used except for severe bladder pain after RT.
Intravescical sodium hyaluronate recommendation
Evidence grading 4 ( Table 3) • Very rarely used except for severe bladder pain after RT.
Alternative treatments
In a study of 37 patients, Tanaka et al. showed that Eviprostat, a herbal phytotherapeutic agent, given to patients pre-and post-BT, significantly improved recovery of their urinary symptoms scores, urinary function and urinary obstruction (105) .
Some men report Saw Palmetto a useful herbal alternative to an alpha blocker. However, a placebocontrolled study of 369 men has demonstrated no differences in reduction of LUTs between Saw Palmetto and placebo (122) .
Alternative treatment recommendation
Evidence grading IIA (Table 3) • There is a lack of high quality data regarding use of alternative treatment in men after pelvic cancer therapy. 
Containment devices
Fader et al. compared the performance of three continence management devices and absorbent pads used by men with intractable urinary leakage following prostate cancer surgery (106) . Male devices included penile compression devices (clamp), sheath drainage systems (sheath), and body-worn urinals (BWU). The pads were significantly more highly rated vs. sheaths, clamps and BWUs by all men overall. However, the rating of the other devices varied depending on individual needs. For example, although BWUs were rated worse than the sheath overall, the sheath was rated highest for extended period use. Generally~50% of men stated that they used a combination of these depending on their requirements. The authors concluded that male containment devices can help men with UI and most men prefer to use a combination of devices and pads in order to meet their lifestyle needs (106) .
NICE guidelines recommend offering men with storage LUTS (particularly UI) temporary containment products (e.g. pads or collecting devices) to achieve social continence until a diagnosis and management plan have been discussed (8) . The ICS 2013 guidelines state that containment products play an essential role towards enhancing quality of life of individuals with incontinence (9) .
A recent trial comparing the performance of three continence management devices (sheath drainage system, BWU, penile clamp) and absorbent pads used by 56 men > 1 year after treatment for prostate cancer found that the sheath was useful for extended use, especially when pad changing is difficult; the BWU was rated worse than the sheath and was mainly used for similar activities but by men who could not use a sheath (e.g. retracted penis); and the clamp was useful for short vigorous activities like swimming and exercise. It was also the most secure, least likely to leak and most discreet device but almost all men described it as uncomfortable or painful (123) . The pads were useful for everyday activities, best for night-time use, most easy to use, comfortable when dry but most likely to leak and most uncomfortable when wet. The authors concluded that pads and devices have different strengths which make them particularly suited to certain patients (123) .
In clinical practice, pads are used first line and over time most will not need the pads or reduce to one per day for an occasional stress leak or psychological comfort (patients with T3 disease and/or over 70 years of age use pads for longer time). Sheaths are very difficult to use for some as they do not generally stay on though correctly fitted sheaths can be very helpful. Clamps can also be really helpful to some patients though good dexterity is required for use of clamps and they should be used intermittently. In addition, clamps need to be sized appropriately. To conclude, use of pads and devices depends on circumstances and lifestyle needs of patients.
In clinical practice, urinary retention occurs in 2-8% of men after BT and is predictable depending on the prostate size and presence of significant LUTS pre-implantation. Intermittent self-catheterisation is very useful for patients who develop retention after BT, vs. an indwelling catheter.
Generally, products available in the community for patients are inadequate for their needs as these are too big or bulky.
Containment devices recommendation
Evidence grading IIA ( Table 3 ) (Recommendation here are based on consensus opinion as well as evidencebase)
• Containment devices recommendations depends on lifestyle needs of patients.
Cost-effectiveness
The extensive use of pads together with the risk of urinary infections present an economic cost not always taken into account as the male patients generally pay for the pads themselves (18) .
The NICE 2010 guidelines (not specific to cancer patients) indicate (8):
• Alpha blockers are cost-effective for men with moderate to severe symptoms.
• Combination treatment is not considered costeffective although when alpha blockers alone are not working, adding an anticholinergic could be justified. Anticholinergic medications can impair any preexisting mild cognitive impediment and should be used with caution.
• The cost-effectiveness of containment products is uncertain and that the utility of these will vary among patients. Providing a choice of products appears to be the most practical way to offer cost-effective management of LUTS patients.
Duration of treatment and referral
On average, the PFMT lasted for 6 weeks-12 months; oral treatments lasted for ≥ 12 months; and other interventions such as cranberry juice or herbal remedies lasted for ≥ 1 month. The shorter time for the later interventions may be because they are generally not prescribed by physicians. On average, any treatment required ≥ 3 months needs to demonstrate symptom improvement, but ideally, these should be taken for as long as needed and depend on patient preference and response. In case of failure of conservative management, botulinum toxin injections for refractory OAB or surgical options, such as male slings and artificial urinary sphincter for SUI post-prostatectomy, or indwelling urinary catheters are available. However, further research is needed on optimal treatment duration and when best to refer.
However, long-term medical management leads to certain adverse events typical for the class of medications used. Therefore, compliance with medical therapy becomes an issue for patients. Our literature analysis demonstrates the higher rate of discontinuations with longer term treatments. Generally, a relatively high proportion of patients drop out of longterm trials because they are unwilling to tolerate the side effects associated with the treatment (124) . However, these studies are not specific to men after cancer treatment. Clinical experience suggests that compliance is related to the efficacy of drugs and whether the most bothersome symptoms of LUTS are being addressed by the said treatment. Managing expectations and providing coping strategies is important in order to improve compliance as well as preparing the patients for symptoms of LUTS after treatment.
Clinicians should also ask the patients about other over the counter or prescribed medications they are on, as some may cause urinary problems. These include antihistamines, decongestants, diuretics, opiates and tricyclic antidepressants.
Recommendation for duration of treatment
• If symptoms do not improve in at least 3 months of each intervention (or a combination of these) described here, referral may be warranted to specialist urology centres.
Referral
Referral should be considered if:
• Symptoms of LUTS persist after ≥ 3 months of conservative treatment or drug treatment. 
Post-treatment* LUTS in men aŌer
Referral
• If symptoms so not improve with at least 3 month of each intervenƟon (or a combinaƟon of these) described here, referral may be warranted to specialist urology centres. • Moderate to high (>8) IPSS that fails to improve in spite of interventions.
• Any significant impact on QoL.
• Frequency persists at > 8 times per day.
• If any malignancy suspected or recurrence.
Algorithm
Based on the above recommendation, Figure 1 outlines the treatment algorithm for LUTS after treatment for pelvic cancers. A summary of recommendations from the review is highlighted in Table 5 .
Conclusions
There is a general lack of an evidence-base for managing male LUTS after pelvic cancer treatment. More evidence is available for LUTs management of men with prostate cancer than other pelvic cancers. Patients presenting with LUTS usually have overlapping symptoms, complicating assessment • Start PFMT pre-treatment (ideally 1 month before surgery in case of RP) or within one month of RT/ADT treatment/catheter removal after surgery • Physiotherapist assisted programme has the greatest benefit. Consider using a physiotherapist or at least a DVD with a physiotherapist demonstrating the exercises
• Continue on PFMT for at least 6 weeks • Can be provided in combination with biofeedback, if possible
Oral treatment recommendation
• The sequencing is generally bound by local prescribing guidance. Current guidelines recommend that alpha blockers be given first, followed by antimuscarinics. However, our recommendation is to tailor the treatment based on the patient's needs, i. • We recommend reviewing every 3 months with each treatment; however, patients should be able to see the healthcare provider sooner if they experience adverse events
Other options (also included in existing guidelines)
• Patient education and health promotion: Advise on bladder retraining, fluid intake and dietary irritants, review existing medications.
• Caffeinated drinks: Ensure patients avoid caffeinated drinks, which can aggravate irritative storage symptoms.
• Containment devices
Duration
• If symptoms do not improve within at least 3 month of each intervention (or a combination of these) described here, referral may be warranted to specialist urology centres.
• NICE UI guidance has suggested a review either face to face or at least telephone at 4 weeks after initiating Antimuscarinics therapy. Therefore a 4 week telephone review can precede face to face 3 month review.
• We recommend that all management options should be used for as long as needed by the patient
Referral
• Symptoms of LUTS persist after ≥ 3 month of conservative treatment or drug treatment and management. Large high quality studies are needed to investigate the comparative effectiveness of the various treatment options. Guideline recommendations for treatment give general recommendation and are not specific to male cancers and their specific requirements. Additionally, there are no recommendations concerning the optimal timing for the initiation or duration of the non-invasive management of male LUTS as a result of cancer treatment.
In this review, we have attempted to provide a comprehensive review of the evidence together with consensus opinion from clinical practice in order to develop recommendations for this patient group. It must be noted, however, that most of the studies presented here were performed in patients with UI rather than LUTS. For many men after cancer treatment LUTS is one of several symptoms and comorbidities and as such requires a holistic approach for its assessment and subsequent management. In addition, LUTS can cause great distress and functional limitations for men.
Clear assessment of the aetiology along with information on techniques to help men cope is essential in managing symptoms. The interventions and algorithm recommended here can be applied in clinical practice to improve management of LUTS in men with pelvic cancers although further testing of recommended management strategies is warranted.
